Premedication reduces conscious awareness and some of the adverse physiological reactions associated with intubation. Premedication is common practice with adults and children within the intensive care environment, as well as with young infants receiving anaesthesia prior to elective surgery. Semiurgent and elective endotracheal intubation is a common and necessary procedure in neonatal intensive care units (NICU); however, intravenous premedication is not universally employed. Only 37% of NICU surveyed in late 1998 used any form of sedation, 1 even though studies have consistently shown that conscious intubation causes adverse physiological reflexes such as hypertension, hypoxemia and increased intracranial pressure. [2] [3] [4] [5] Previous studies have also shown that premedication decreases the time necessary to accomplish intubation. 2, 5 However, infants in these studies were intubated by experienced personnel, whereas, in reality, babies are intubated by personnel with varying degrees of ability. The duration an infant is subject to the inevitable physiological repercussions of the intubation process may thus be proportional to the time taken to achieve successful intubation (which is commonly dependent on the dexterity and skill of the operator). The aim of the present study, originally planned as a pilot study, was to ascertain if the use of suxamethonium, morphine and atropine as premedication could facilitate nasotracheal intubation by junior medical staff in semi-urgent situations in a NICU.
METHODS
The present study was undertaken in the Neonatal Intensive Care Unit of the Royal Hospital for Women, the perinatal center of the south-eastern Sydney region. Paediatric trainees from the Sydney Children's Hospital are seconded to the NICU every 2-3 months. In the NICU, the preferred method of intubation is via the nasotracheal route if mechanical ventilation is expected for more than a few hours. Intubation procedures are conducted primarily by junior medical staff under appropriate supervision by neonatal fellows or consultants. Premedication for intubation (PI) was not used in the NICU until 6 months prior to the present study. Its use was then determined by the personal preference of the operators performing the intubation (in approximately one-third of the occasions).
Any infant who needed semi-emergency endotracheal intubation was eligible for inclusion in the present study. This included conditions such as hyaline membrane disease and other causes of respiratory failure, cases of suspected endotracheal tube (ETT) blockage, failed nasal continuous positive airway pressure or apnoea secondary to prematurity, seizures or prostaglandin infusions. Babies needing intubation for resuscitative measures were excluded. The NICU uses straight Portex® ETT with internal vocal cord measurements. Magill forceps are used to facilitate the passage of ETT.
Sealed envelopes were used to randomize subjects to either awake intubation (AI) without premedication or to morphine, atropine and suxamethonium as PI. Blinding was not possible because of the obvious effects of muscle relaxation and the need for assessment of the degree of muscle relaxation in the PI group.
Medications for PI were prepared during a standardized procedure according to the drug procedure manual of the NICU. The intravenous dose of morphine was 100 µg/kg, atropine 10 µg/kg, 6 and suxamethonium 1 mg/kg. 6, 7 While other studies have used higher doses of atropine (20 µg/kg) and suxamethonium (2 mg/kg), 5 we found from prior experience that doses of suxamethonium greater than 1 mg/kg sometimes resulted in extremely prolonged muscle relaxation, especially in extremely premature infants. However, additional doses of 1 mg/kg of suxamethonium (to a maximum of 4 mg/kg total dose) were administered if muscle relaxation was not achieved by 1 min after the initial or previous dose of suxamethonium. Intubation was instigated only after muscle fasciculations had ceased and muscle flaccidity had begun. Infants PI were re-dosed with suxamethonium (to a total maximum dose of 4 mg/kg) if muscle relaxation wore off before successful intubation.
Infants with PI were pre-oxygenated with a Lardael bag and mask and 100% oxygen prior to insertion of the laryngoscope. Supplemental oxygen flow was not used after the introduction of the laryngoscope. Junior medical staff were allowed a maximum of two attempts at intubation. Each attempt was curtailed if the infant's heart rate decreased below 75 b.p.m. and/or oxygen saturation (SaO 2) decreased below 70% in the face of unlikely imminent success in intubation. The next most senior person then attempted the intubation. If intubation by the most senior available medical staff member failed in an AI infant, the infant was then crossed over and premedicated.
Heart rate and pulse oximetry were monitored with cardiorespiratory monitors (Space Laboratories Medical, Redmond, WA, USA) prior to and throughout the procedure. An independent staff member recorded the times of commencement and completion of each attempt. The total time taken to complete intubation was defined as the interval from when the laryngoscope was placed in the baby's mouth to successful laryngeal insertion of the ETT (i.e. bilaterally symmetrical air entry on auscultation and observation of chest movement in concert with improving oxygen saturation). This interval could include periods of bag-mask ventilation in between intubation attempts. Lowest heart rate and oximetry readings during each attempt were recorded and analysed. Each infant was examined for evidence of iatrogenic trauma (blood in nasal and oral passages) after completion of intubation. Medication side effects were noted.
The primary outcomes were the time to intubation and the number of intubation attempts. The NICU did not have a prior record of intubation times from which the sample size could be calculated. Prospective recordings may have led to the possibility of operator bias during this non-blinded pilot trial. Therefore, sample size was calculated based on results of a previous published study. 5 In this previous study, all intubation attempts were performed by experienced medical staff (researchers), and the mean time to intubation was 129 s for the 10 atropine infants, and 53 s for the 10 suxamethonium and atropine infants (SD = 26). Therefore, a sample size of 20 infants in the present study allowed for a 30% reduction in the time taken to complete intubation with a power of 0.9 and a significance level of P < 0.05. The changes in heart rate and oxygen saturation were compared. Parametric data was analysed using a two-tailed Student's t-test, non-parametric data were analysed with the Mann-Whitney U-test and categorical data were compared with Fisher's exact test. S P S S F O R W I N D OW S , Version 10.05 (SPSS, Chicago, IL, USA) was used for multivariate analyses where appropriate.
The pilot study protocol was approved by the Research Ethics Committee of the South-eastern Sydney Area Health Service. Procedures were explained to parents and parental consent was obtained where possible. Parents were informed that both intubation procedures were accepted practices. We acknowledge that there was often limited time for parental consideration and informed decisions in circumstances when it was necessary for urgent procedures to be initiated within 15 min of clinical decisions, 8 and that this was particularly difficult when parents were already faced with the stress of their infants' need for mechanical ventilation and intensive care.
RESULTS
Infants in the study were recruited between July and October 1999. Fifty-three infants needing mechanical ventilation were admitted to the NICU. Only 31 inborn infants were considered eligible. Ex utero transferred infants who were intubated on admission were excluded. The clinical characteristics of the 20 infants included in the present study are summarized in Table 1 . Gestational ages and birthweights of infants in the PI group were slightly lower. Intubation attempts did not occur only in the immediate period after birth. Infants in the PI group were slightly lighter and significantly younger than AI infants at the time of intubation. There were five girls and five boys in the PI group and eight girls and two boys in the AI group. The neonatal experience of the junior medical staff was similar between the two groups.
Attempts at intubation
The first attempts by doctors to intubate PI infants were successful in all except one case, and a more experienced registrar intubated this infant after a junior registrar had failed twice. Two infants, one weighing 3660 g and the other 1249 g, were successfully intubated in a single pass by junior residents with no prior experience in nenonatal intubation.
Six AI babies had to be intubated by more experienced doctors after repeated unsuccessful attempts by junior medical staff. In this group, neither of the two junior residents was successful (weights of the infants were 3500 g and 1260 g). Two infants were crossed-over to the PI group after the most senior available doctor (a senior registrar and a consultant) failed in three attempts while the infants were conscious. One of these babies was intubated orally because nasotracheal intubation repeatedly failed despite good muscle relaxation. More than twice the number of attempts was needed to intubate the AI infants (median 2; range 1-6; total 31 attempts) than the PI infants (median 1; range 1-3; total 13 attempts; P = 0.035).
Infants in the PI group required 174 ± 102 s (mean ± SD; range 65-390 s) before adequate relaxation was achieved. The suxamethonium dose required was 2 ± 1.0 mg/kg (mean ± SD; range 1-4 mg/kg). The total time taken to intubate (i.e. from insertion of a laryngoscope blade to equal air entry, chest expansion and improving oxygen saturation) was significantly shorter for PI infants (median 60.5 s vs 595 s; P = 0.016). Time to intubate included the intervening periods between attempts (i.e. periods of bag and mask re-oxygenation, repeat suction of oropharynx, repositioning of infant, and instructive advice from supervising medical staff to guide repeated intubation attempts).
Blood was noted in the nose of a 2.1 kg PI infant after a single intubation attempt with a 3 mm ETT. This infant had necrotizing enterocolitis, but coagulation studies were normal. Five AI infants weighing between 1.9 and 3.6 kg had evidence of trauma postintubation, and four out of the five required more than one attempt at intubation. Bleeding was presumably due to mucosal abrasion, and settled rapidly in all cases. There was no evidence of structural trauma in either group.
Variations in heart rate and oxygen saturation
Heart rate and oxygen saturation, recorded for each of the 44 intubation attempts according to infant groups, are summarized in Table 2 . No adjustment for cross-overs between groups was made. There was no significant difference between the groups in either baseline or minimum oxygen saturation. One PI infant had cyanotic heart disease and her oxygen saturation values were excluded from the analysis.
The maximal drop in heart rate from the baseline during the first intubation attempt was 28 ± 41 b.p.m. (mean ± SD) and 62 ± 46 b.p.m. for the PI and AI groups, respectively. This difference was not statistically significant (P = 0.104). The lowest heart rate and oxygen saturation readings could not be reliably recorded in eight out of the 31 AI attempts because of motion artifacts, electrode lead dislodgement and staff distractions. These eight episodes were subsequent attempts following an initial failed attempt. The maximum drop in heart rate in the remaining 23 AI attempts was also significantly greater than that of the 13 PI intubations (68 ± 47 b.p.m. vs 29 ± 39 b.p.m.; P = 0.017). 
Multivariate analyses
Multivariate analyses were conducted to examine if premedication was independently associated with shorter intubation time or fewer intubation attempts. Variables included were gestation (weeks), weight (g), postnatal age (days), junior staff experience (three categories) and premedication status. The intubation time (s) or the number of attempts were dependent variables in backward elimination analyses (elimination criterion F-prob > 0.1 [default S P S S setting]). Premedication was the only important factor associated with intubation time (P = 0.061) and number of intubation attempts (P = 0.004).
Other factors including postnatal age (intubation time association P = 0.63 and number of intubation attempts association P = 0.47, prior to elimination) were not significant.
DISCUSSION
Adults and older children requiring intubation in the intensive care environment are usually premedicated to reduce the harmful side effects associated with the procedure. Premedication often includes an analgesic, frequently an opiate, for pain relief, a vagolytic to prevent reflex slowing of the heart secondary to physical stimulation of the nasopharyngeal area, and a muscle relaxant to ensure that voluntary physical resistance to this unpleasant process is kept at a minimum. Endotracheal intubation is one of the most common procedures in NICU. In a 1998 survey, only 37% of the 239 UK NICU used premedication, 1 even though intact neural pathways for pain have been demonstrated in these subjects. 9 However, this percentage is higher than that found in a survey in 1992 of 101 NICU with fellowship training programmes in the USA, which revealed that only three (3%) used sedatives prior to intubation. 10 Premedicating sick newborn infants with muscle relaxants before intubation is controversial. A number of previous studies have shown that conscious intubation of newborn infants is associated with bradycardia, hypoxaemia and increased blood and intracranial pressures. These changes may also be easily ameliorated by medications, such as muscle relaxants. [2] [3] [4] [5] As intensive monitoring was needed, these studies could only enrol infants undergoing elective intubation (e.g. ETT change or as part of anaesthetic induction for surgery). Furthermore, intubations were generally conducted by the members of the research teams, most of whom would have some modicum of expertise in neonatal intubation.
Barrington et al. randomized 20 infants to atropine either alone or with succinylcholine. 5 Apart from confirming that intracranial pressures did not rise as much and that bradycardia was less profound, this study group found that intubation times were significantly shorter in the infants treated with succinylcholine. Oxygenation saturation, which was lower in the atropine-only group, tended to decrease in proportion to the time necessary to accomplish intubation.
In a prospective non-randomized study in which infants with pyloric stenosis were prepared for surgery, successful firstattempt intubation rates were significantly higher, and intubation times significantly shorter in infants induced with paralysis compared to those who were not. 11 In reality, most NICU are based at teaching hospitals that have resident training programmes. Therefore, some of the doctors staffing NICU would not have prior experience in the art of neonatal intubation, while others would be quite adept.
Maintaining adequate oxygenation by bag and mask ventilation in a sick and small infant may be quite challenging, especially in inexperienced hands. The present trial was conducted to reflect reality as much as possible. Indications for intubation were all semi-urgent.
The number of intubation attempts, as well as the time required for successful intubation, was significantly fewer and faster, respectively, in the PI group, even though PI infants were significantly younger in postnatal age, tended to be smaller, were less mature, and were thus likely to be more fragile than AI infants at the time of intubation. A conscious and neurologically intact infant, no matter what its size or maturity, will naturally attempt to mount a struggle against a painful procedure. Struggling may obscure vital anatomical landmarks, exacerbate technical difficulty, increase the risk of iatrogenic trauma and be the major contributor to the disproportionate difference in procedure times that we found. However, younger preterm infants may not have as much strength to struggle as larger and older infants. We found that premedication was the only important factor in multivariate analyses. To address the possible confounding influences of postnatal age and gestational age, stratification with larger sample sizes would be required in future studies.
Paralysis, particularly if prolonged, may lead to a reduction of functional residual capacity in infants with respiratory difficulties. 12 In contrast to other studies, muscle-relaxed infants in the present study did not sustain greater decreases in oxygenation in comparison with conscious infants. The time needed to complete intubation was so much longer in our AI group that these prolonged attempts may have led to low oxygenation. This may explain why there was no difference in the decrease in oxygenation between the groups. Alternatively, the effects of suxamethonium dissipates rapidly, hence preventing the loss in functional residual capacity associated with more sustained muscle relaxation. In the two studies that demonstrated a similar decrease in oxygenation between premedicated and conscious infants, supplemental oxygen was administered into the pharynx via the ETT 4 or the laryngoscope. 11 Muscle relaxants reduce reflex increases in intracranial pressure during awake intubation. [3] [4] [5] 13 Struggling may be important in the pathogenesis of intraventricular haemorrhage because it may augment intracranial pressure by increasing intrathoracic pressure and impeding venous return. 14 We were unable to evaluate these changes because the present study was performed in semi-emergency situations where the monitoring of fontanelle pressures would have been inappropriate and impractical. Thirteen neonates randomized to either conscious or thiopentone-induced intubation demonstrated increased intracranial pressures (but not increased cerebral blood velocities in the conscious group). 3 A reduction of cerebral venous blood flow with consequent increase in cerebral blood volume was postulated. In another study, intracranial pressure increased during intubation and during crying and was only partially attenuated by prior administration of inhalation anaesthesia. 13 Previous studies have differed in the choice of premedication agents. Depolarizing muscle relaxants such as pancuronium and vecuronium have a longer half-life than suxamethonium, and may sometimes cause a rapid loss of pulmonary functional residual capacity in the sick infant. Suxamethonium has been used extensively in newborns. It is short acting and few complications have been associated with its use. Apart from the rare occurrence of a type 2 block, it has been associated with transient rises in intracranial pressure (albeit of a smaller magnitude than the rise as a result of awake intubation). 4 Pokela and Kovisto examined the stress response to intubation in a randomized trial of pethidine alone or alfentanil and suxamethonium. 15 The degree of hypoxaemia was greater in the pethidine group, and successful intubation in this group also took longer, but beta-endorphin and cortisol levels were not different. Our results support the use of a short-acting paralytic agent and suxamethonium appears to be appropriate. Morphine is the time-honoured analgesia in our NICU but other opiates (e.g. fentanyl, diamorphine) may be similarly appropriate. The need for routine use of atropine has been questioned, 7, 16 but further studies are required to investigate this.
The primary goal during an intubation procedure is to achieve safe and rapid stabilisation of the airways with the minimum of adverse effects. We have demonstrated that the particular combination of suxamethonium, atropine and morphine is easily employed in a teaching hospital situation and reduces both the time and trauma of intubating unwell infants. Further studies are needed to evaluate the safety of more extended use of these drugs, and to assess if other agents have superior physiological effects. Unfortunately, like most previous studies, the number of infants in the present study was small and we were unable to extend our study because of the unwillingness of our clinical staff to persist with awake intubation. A controlled trial of sedation with and without muscle relaxation is currently being pursued.
